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a b s t r a c t
In this work, we apply He’s frequency formulation to search for the solution to nonlinear
Schrödinger equation. Three examples are given and the solutions obtained are in good
accordancewithWazwaz’s solution [Abdul-MajidWazwaz, A study on linear and nonlinear
Schrodinger equations by the variational iteration method, Chaos Solitons Fractals 37 (4)
(2008) 1136–1142]. It is shown that He’s frequency formulation is of utter straightforward
and effective.
© 2009 Elsevier Ltd. All rights reserved.
1. Introduction
It is well known that the nonlinear partial differential equations are widely used to describe complex phenomena in
various fields of sciences, particularly in physics. The nonlinear Schrödinger equations arise inmany branches of physics and
applied mathematics, including nonlinear quantum field theory, condensed matter physics, plasma physics and nonlinear
optics [1,2].
In recent years, various powerful methods have been developed to solve the nonlinear Schrödinger equation and other
nonlinear problems, such as harmonic balance method [3], variational approach [4,5], variational iteration method [6–10],
homotopy perturbation method [11–19], energy balance method [20–23], Exp-function method [24–28], etc. In this article
we will apply a novel method to search for the solutions of the nonlinear Schrödinger equations.
2. He’s frequency–amplitude formulation [29–32]
Example 1. We first consider the nonlinear Schrödinger equation
iut + uxx + 2 |u|2 u = 0, u(x, 0) = eikx. (1)
We use the trial functions
u1(x, t) = ei(kx+t) (2)
and
u2(x, t) = ei(kx+ωt), (3)
∗ Corresponding author.
E-mail address: phyzyn@gmail.com (L.-l. Deng).
0898-1221/$ – see front matter© 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.camwa.2009.03.015
2450 Y.-N. Zhang et al. / Computers and Mathematics with Applications 58 (2009) 2449–2451
which is the solution of the following linear Schrödinger equation:
iut + ω2uxx = 0. (4)
Substituting two trial functions into Eq. (1) gives the residuals:
R1(x, t) = (1− k2)ei(kx+t) (5)
R2(x, t) = (2− ω − k2)ei(kx+ωt). (6)
According to He’s frequency formulation [29], we have
ω2 = 1 · R2(x, 0)− ω
2
2
R1(x, 0)
R2(x, 0)− R1(x, 0) = −(ω + ωk
2 − 2ω + k2 − 2). (7)
Simplifying the above relation, we obtain
ω = 2− k2. (8)
The solution is obtained as follows
u(x, t) = ei[kx+(2−k2)t]. (9)
If we set k = 1, then the exact solution [33] is obtained.
Example 2. We consider the following nonlinear Schrödinger equation
iut + uxx − 2 |u|2 u = 0, u(x, 0) = eikx. (10)
Proceeding as before we obtain the residuals:
R1(x, t) = (−3− k2)ei(kx+t) (11)
R2(x, t) = −(2+ ω + k2)ei(kx+ωt). (12)
Locating at t = 0, we have
ω2 = 1 · R2(x, 0)− ω
2
2
R1(x, 0)
R2(x, 0)− R1(x, 0) = −(ω + ωk
2 + 2ω + k2 + 2). (13)
Solving ω results in
ω = −2− k2. (14)
We, therefore, obtain the following solution
u(x, t) = ei[kx−(2+k2)t]. (15)
Consequently, the exact solution [33] is readily obtained by setting k = 1.
Example 3. The Schrödinger equation with power law nonlinearity reads
iut + uxx − 2 |u|2r u = 0, u(x, 0) = (2(r + 1) sech2(2rx)) 12r , r > 1. (16)
Following the analysis presented above we choose the trial functions
u1(x, t) = (2(r + 1) sech2(2rx)) 12r eit (17)
and
u2(x, t) = (2(r + 1) sech2(2rx)) 12r eiωt (18)
which satisfy the initial condition Eq. (16).
The residuals are
R1(x, t) = −
(
2 (r + 1) (sech (2 rx))2)1/2 r eit + 4 (2 (r + 1) (sech (2 rx))2)1/2 r (tanh (2 rx))2 eit
− 4 (2 (r + 1) (sech (2 rx))2)1/2 r (1− (tanh (2 rx))2) reit + 2 (2 (r + 1) (sech (2 rx))2)1/2 r−1 eit (19)
R2(x, t) = −
(
2 (r + 1) (sech (2 rx))2)1/2 r eiωtω + 4 (2 (r + 1) (sech (2 rx))2)1/2 r (tanh (2 rx))2 eiωt
− 4 (2 (r + 1) (sech (2 rx))2)1/2 r (1− (tanh (2 rx))2) reiωt + 2 (2 (r + 1) (sech (2 rx))2)1/2 r eiωt . (20)
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Locating at t = 0 and x = 0, and using He’s frequency formulation, we obtain
ω2 = 1 · R2(0, 0)− ω
2
2
R1(0, 0)
R2(0, 0)− R1(0, 0)
= −4 r + 2ω
∣∣∣(21/2 r (r + 1)1/2 r)2 r ∣∣∣− ω − 4ωr + 2 ∣∣∣(21/2 r (r + 1)1/2 r)2 r ∣∣∣ . (21)
By simple calculation, we get the following result
ω = −4 r + 2
∣∣∣(21/2 r (r + 1)1/2 r)2 r ∣∣∣ . (22)
From Eq. (22), ω = 4 can be obtained for any r in the range of r ≥ 1. So the solution of the Schrödinger equation is:
u(x, t) = (2(r + 1) sech2(2rx)) 12r ei4t (23)
which is the same as the exact solution [33].
3. Conclusion
In this work, the nonlinear Schrödinger equations are efficiently handled using He’s frequency formulation. It has been
proven to be a powerful mathematical tool for searching exact solutions for nonlinear equations without requirement of
perturbation or linearization. The solutions obtained are in good accordance with Wazwaz’s solution [33]. Hereby He’s
frequency formulation is straightforward and concise, and its applications are promising.
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